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JRYHUQLQJHTXDWLRQVDUHVROYHGXVLQJ*DXVV6HLGHOLWHUDWLYHPHWKRG,QWKLVVWXG\LQLWLDOO\DFRGHKDVEHHQGHYHORSHGWRUHDG
WKHPHVKRI GLIIHUHQW FRPSOH[ JHRPHWULHV IURPFRPPHUFLDOPHVKLQJ VRIWZDUH/DWHU WKH GDWD SHUWDLQLQJ WRPHVK KDVEHHQ
JLYHQDVLQSXW WR WKHQXPHULFDOFRGHGHYHORSHGIRU WKHYLVXDOL]DWLRQRI WKHUPDOWUDQVSRUW LQ WKHVHFRPSOH[JHRPHWULHV7KH
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FRQVLGHUHGJHRPHWULHV

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&ROORFDWHGJULG,VRWKHUPV)LQLWH9ROXPHDSSURDFK&RPSOH[JHRPHWU\7KHUPDOWUDQVSRUW
,QWURGXFWLRQ
,QWKHSUHVHQWVWXG\DQXPHULFDODOJRULWKPKDVEHHQGHYHORSHGIRUVWXG\LQJKHDWWUDQVIHUSKHQRPHQDLQ
FRPSOH[ JHRPHWULHV $SSOLFDWLRQV VXFK DV KHDW H[FKDQJHUV QXFOHDU IXHO DVVHPEOLHV HOHFWURQLF FRPSRQHQWV
ELRPHGLFDOHQJLQHHULQJHWFLQYROYHLQWULFDWHJHRPHWULHVZKHUHWKHDQDO\VLVEHFRPHVYHU\FRPSOH[$WKRURXJK
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HTXLSPHQW 7KRPSVRQHWDO >@GHYHORSHGQHZFRPSXWDWLRQDOPHWKRGVIRUSUHGLFWLQJIOXLGIORZDQGWUDQVSRUW
SKHQRPHQD XVLQJ QRQ ± RUWKRJRQDO FXUYLOLQHDU JULG XVLQJ SULPLWLYH YDULDEOHV 7KH JRYHUQLQJ HTXDWLRQV DUH
UHSUHVHQWHGLQWHUPVRIJHQHUDOL]HGFXUYLOLQHDUFRRUGLQDWHVZKLFKDUHREWDLQHGE\PDSSLQJWKHFRPSOH[SK\VLFDO
JHRPHWU\LQWRDVLPSOLILHGFRPSXWDWLRQDOGRPDLQ+DUORZDQG:HOFK>@GHYHORSHGWKHVWDJJHUHGJULGV\VWHPLQ
ZKLFKWKHVFDODUTXDQWLWLHVVXFKDVSUHVVXUHDUHVWRUHGDW WKHPDLQJULGSRLQWVDQGWKHYHORFLW\FRPSRQHQWVDUH
VWRUHG DW WKH IDFHV RU FRUQHUV RI WKH FRQWURO YROXPH0DOLVND DQG5DLWKE\ >@ SURSRVHG WR VWRUH DOO &DUWHVLDQ
YHORFLW\FRPSRQHQWVDWHDFKIDFHRIFRQWUROYROXPHV6K\\HWDO>@XVHGVWDJJHUHGJULGVZLWKDVLQJOH&DUWHVLDQ
YHORFLW\FRPSRQHQWVWRUHGDWHDFKIDFHRIWKHFRQWUROYROXPH/DWHU6K\\>@PHQWLRQHGWKDWIRUVWDJJHUHGJULG
WR DYRLG LQFRQVLVWHQFLHV LQ LQWHUSRODWLRQ IRU WKH FHOO  IDFH YHORFLWLHV FRYDULDQW FRPSRQHQWV RI YHORFLW\ ZHUH
HPSOR\HG$FROORFDWHGJULGUHGXFHVWKHJHRPHWULFDQGDOJHEUDLFFRPSOH[LW\RIWKHVROXWLRQRIQRQ±RUWKRJRQDO
FHOOVE\DOORZLQJ WKHYHORFLW\FRPSRQHQWVDQGDOO VFDODUTXDQWLWLHV WR VWRUHDW WKHVDPHJULGQRGHV7KHQRQ±
VWDJJHUHG FROORFDWHGJULGKDVJDLQHGSRSXODULW\PDLQO\GXH WR LWV VLPSOLFLW\ LQSURJUDPPLQJDQGJLYHVPRUH
DFFXUDWHUHVXOWVWKDQWKHVWDJJHUHGDUUDQJHPHQWDVUHSRUWHGE\3HULFHWDO>@0LOOHUDQG6FKPLGW>@0HODDHQ
>@ DQG &KRL HW DO >@ 5R\FKRZGKXU\ HW DO >@ VROYHG LQFRPSUHVVLEOH1 ± 6 HTXDWLRQV XVLQJ QRQ ±
RUWKRJRQDOFROORFDWHGJULG*RYHUQLQJHTXDWLRQVZHUHGLVFUHWL]HGXVLQJ)LQLWH9ROXPH0HWKRG7KHFRQYHFWLYH
IRUPXODWLRQ ZDV FDUULHG RXW XVLQJ 48,&. VFKHPH 7KH SURSRVHG VFKHPH ZDV YDOLGDWHG ZLWK EHQFK PDUN
VROXWLRQV.ULVKQDHWDO >@ VWXGLHG OLGGULYHQ IORZ LQDVNHZHGJHRPHWU\ZKLFK LV ILOOHGZLWK IOXLGVDWXUDWHG
SRURXVPHGLXP*RYHUQLQJHTXDWLRQVZHUHVROYHGQXPHULFDOO\E\XVLQJ ILQLWHYROXPHPHWKRG$TXDGULODWHUDO
FHOOZKLFKLVDUUDQJHGLQDVHPLVWDJJHUHGDUUDQJHPHQWZDVHPSOR\HGDQGFRRUGLQDWHWUDQVIRUPDWLRQZDVFDUULHG
RXWWRWUDQVIRUPLQWRDVTXDUHGRPDLQ
%DVHGRQ WKHDERYH OLWHUDWXUH LWPD\EHQRWHG WKDW IRU WKHEHWWHU LQVLJKWRIKHDW WUDQVSRUW LQ FRPSOH[
JHRPHWULHVVHYHUDOQXPHULFDOPHWKRGRORJLHVZHUHDGRSWHGDQGYDOLGDWHG,QWKHVHVWXGLHVJULGZDVJHQHUDWHGIRU
D VSHFLILF GRPDLQ DQG ODWHU QXPHULFDO DQDO\VLVZDV SHUIRUPHG%XW LQ WKH SUHVHQW VWXG\ D JHQHUDOL]HG FRGH LV
GHYHORSHG WR LPSRUWGDWD IRUFRPSOH[GRPDLQVDQGDFROORFDWHGJULGEDVHG)LQLWH9ROXPH0HWKRG)90KDV
EHHQHPSOR\HGIRUWKHDQDO\VLVRIWKHUPDOWUDQVSRUWLQFRPSOH[GRPDLQV

0DWKHPDWLFDOIRUPXODWLRQ

7KH LQWHJUDO IRUPV RI WKH JRYHUQLQJ HTXDWLRQV DUH GLVFUHWL]HG XVLQJ QRQ RUWKRJRQDO GRPDLQV E\ WKH
ILQLWHYROXPH PHWKRG 7KLV PHWKRG DOORZV WR GHDO ZLWK DQ\ FRPSOLFDWHG JHRPHWU\ ZLWKRXW FRQVLGHULQJ WKH
HTXDWLRQVZULWWHQ LQ WKH FXUYLOLQHDU FRRUGLQDWHV9LQRNXU >@ VROYHG WKH JRYHUQLQJ HTXDWLRQV LQ WKH SK\VLFDO
SODQH E\ XVLQJ FRRUGLQDWH WUDQVIRUPDWLRQ$UELWUDU\ TXDGULODWHUDOPHVKHV DUH FKRVHQ DQG QXPHULFDOZRUN KDV
EHHQFDUULHGRXWIRUFRPSOH[GRPDLQV)RUDFROORFDWHGJULGDVVKRZQLQ)LJWKHWHPSHUDWXUHLVGHILQHGDWWKH
VDPHVHWRIJULGSRLQWVZKLFKDUHORFDWHGDWWKHFHQWUHVRIWKHFHOOV7KLVDUUDQJHPHQWLVFKRVHQEHFDXVHWKHWHUPV
LQ WKH JRYHUQLQJ HTXDWLRQV DUH HVVHQWLDOO\ LGHQWLFDO EHWZHHQ WKH GLIIHUHQW EDODQFH HTXDWLRQV DQG KHQFH WKH
QXPEHU RI FRHIILFLHQWV WKDW PXVW EH FRPSXWHG DQG VWRUHG LV PLQLPL]HG DQG SURJUDPPLQJ LV VLPSOLILHG
,QWHJUDWLRQRIWKHJRYHUQLQJHTXDWLRQVRYHUDFRQWUROYROXPHLVVKRZQLQ)LJ)URP)LJLWPD\EHQRWHGWKDW
DQDX[LOLDU\FHOO



 LVFDQWHUHGDWIDFHµHµDQGHZQV LQGLFDWH WKHFRQWUROYROXPHIDFHV LQHDVWZHVW
QRUWKDQGVRXWKGLUHFWLRQVUHVSHFWLYHO\7KHDUHDYHFWRUIRUIDFHµHµLVVKRZQLQ)LJDQGWKHWHUPV$N[DQG$N\
UHSUHVHQWVWKHSURMHFWHGDUHDLQ[DQG\GLUHFWLRQIRUWKHNWKVLGHRIWKHFRQWUROYROXPH
  
)LJ&ROORFDWHGJULGDUUDQJHPHQW)LJ7\SLFDO&RQWURO9ROXPH)LJ$UHD9HFWRUIRUIDFHµHµ
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7UDQVSRUWHTXDWLRQ

7KHLQWHJUDOIRUPRIJRYHUQLQJHTXDWLRQHPSOR\HGIRUWKHKHDWWUDQVSRUWLQFRPSOH[VROLGGRPDLQVFDQEHJLYHQ
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6LPLODUO\-'Z-'QDQG-'VFDQEHREWDLQHG
7KHQHWGLIIXVLYHIOX[FRQWULEXWLRQIRUDOOWKHIRXUVLGHVFDQEHVKRZQWREHRIWKHIRUP

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
7KHWHUPEQRDULVHVGXHWRQRQRUWKRJRQDOLW\RIWKHJULGDQGLWYDQLVKHVZKHQHYHUWKHJULGEHFRPHVRUWKRJRQDO
 7KHFRUQHUYDOXHVDUHDSSUR[LPDWHGXVLQJWKHIRXUVXUURXQGLQJQRGDOYDOXHV)RULQVWDQFHWKHQRUWKHDVW
FRUQHUYDOXHLVREWDLQHGDV

 QH 1 ( 3 1(I I I I I           
6LPLODUO\׋QZ׋VHDQG׋VZFDQEHREWDLQHG

0HWKRGRIVROXWLRQ

7KH JULG LV JHQHUDWHG LQ *$0%,7 DQG LV H[SRUWHG LQ QHXWUDO ILOH IRUPDW *$0%,7 QHXWUDO ILOHV DUH
$6&,,ILOHVWKDWFDQEHXVHGWRLPSRUWRUH[SRUWPHVKGDWDERXQGDU\FRQGLWLRQGDWDSRLQWVHGJHVRUVXUIDFHV
WDJJHGZLWKQDPHVRUVROXWLRQUHVXOWVGDWDLQDQRGHRUFHOOEDVHGIRUPDW$FRGHKDVEHHQGHYHORSHGWRUHDG
WKHPHVK IURPDQHXWUDO ILOHRI JDPELW7KLV FRGH DFWV DV WKH OLQNEHWZHHQ WKHSUHVHQW LQKRXVH ILQLWH YROXPH
QXPHULFDOFRGHDQGPHVKLQJVRIWZDUH
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
7KHVWHSVIROORZHGLQWKHSUHVHQWQXPHULFDOPHWKRGRORJ\LVJLYHQDVIROORZV
x 0RGHOLQJPHVKLQJVHOHFWLRQRIERXQGDU\FRQGLWLRQVDQGIOXLGVROLGGRPDLQXVLQJ*$0%,7
x ([SRUWLQJRIPHVKGDWDLQWKHQHXWUDOILOHIRUPDW
x 5HDGLQJRIPHVKGDWDLQ$6&,,IRUPDW
x $OORFDWLRQRIVXLWDEOHERXQGDU\FRQGLWLRQVIRUERXQGDU\QRGHV
x 6ROYLQJWKHLQWHJUDOIRUPRIJRYHUQLQJHTXDWLRQXVLQJFROORFDWHGJULGEDVHGILQLWHYROXPHDSSURDFK
x 6ROYLQJRIWKHDOJHEUDLFHTXDWLRQVXVLQJ*DXVV6HLGHOLWHUDWLYHPHWKRG
x &KHFNIRUWKHFRQYHUJHQFHFULWHULD
x 3ORWWLQJRIWKHREWDLQHGUHVXOWVXVLQJSRVWSURFHVVLQJVRIWZDUH

*ULG*HQHUDWLRQDQG5HDGLQJ

$V WKHREMHFWLYHRI WKHSUHVHQWVWXG\ LV WRFKHFN WKHUREXVWQHVVDQGYDOLGLW\RI WKHDGRSWHGQXPHULFDO
PHWKRGRORJ\ QRQXQLIRUP JULGV ZLWK GLIIHUHQW DVSHFW UDWLRV DUH WDNHQ 7KH JULG KDV EHHQ JHQHUDWHG IRU WKH
FRQVLGHUHGFRPSOH[GRPDLQVDQGLVVKRZQLQ)LJ)LJDSURYLGHVDQRQXQLIRUPJULGIRUDVTXDUHGRPDLQ
ZKHUHDV)LJVE±HSURYLGHVWKHHPSOR\HGJULGIRUQRQ±RUWKRJRQDOJHRPHWULHV,WPD\EHQRWHGWKDWLQWKLV
DSSURDFK LQVWHDG RI ZULWLQJ D FRGH IRU PHVK JHQHUDWLRQ D FRGH KDV EHHQ GHYHORSHG WR OLQN WKH GDWD IURP
*$0%,7 WR WKH GHYHORSHG )LQLWH 9ROXPH FRGH 7KH OLPLWDWLRQ RI WKH FRQVLGHUHG DSSURDFK LV WKDW WKH PHVK
VKRXOGEHRITXDGUDQWW\SHRQO\
  
D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E   F
  
GH
)LJ*ULGHPSOR\HGIRUFRPSOH[GRPDLQVDQRQXQLIRUPJULGîEQRQXQLIRUPJULGî
FQRQXQLIRUPJULGîGQRQXQLIRUPJULGîDQGHQRQXQLIRUPJULGî
)ORZFKDUW

7KHDOJRULWKPFRQVLGHUHG LQ WKHVWXG\ LVSUHVHQWHG LQ WHUPVRID IORZFKDUWDQG LVSURYLGHG LQ)LJ
,QLWLDOO\ WKHJULG LVJHQHUDWHG LQ*$0%,7DQGH[SRUWHGDVQHXWUDO ILOH$FRGHKDVEHHQGHYHORSHG WRUHDG WKH
PHVKIURPDQHXWUDOILOHRIJDPELW7KLVFRGHDFWVDVWKHOLQNEHWZHHQWKHSUHVHQWLQKRXVHQXPHULFDOFRGHDQG
PHVKLQJVRIWZDUH7KHFRRUGLQDWHVIRUQRGHVRIWKHGLVFUHWL]HGJHRPHWU\LVUHDGDQGDFFRUGLQJO\WKHDUHDVRIWKH
TXDGULODWHUDO FHOOV DUH FDOFXODWHG 6XLWDEOH ERXQGDU\ FRQGLWLRQV DUH DVVLJQHG WR WKH ERXQGDU\ QRGHV DQG
LQLWLDOL]DWLRQKDVEHHQSHUIRUPHGE\DVVLJQLQJDYDOXHRI]HURIRULQWHUQDOQRGHV%\DSSO\LQJWKHILQLWHYROXPH
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PHWKRGWKHWUDQVSRUWHTXDWLRQDVVKRZQLQ(TVLVGLVFUHWL]HGLQWRDVHWRIDOJHEUDLFHTXDWLRQV7KHDOJHEUDLF
HTXDWLRQV WKXV REWDLQHG DUH VROYHG E\ XVLQJ *DXVV6HLGHO PHWKRG 7KH LWHUDWLRQV DUH SHUIRUPHG XQWLO D
FRQYHUJHQFHFULWHULRQRI LV DFKLHYHG7KH WHPSHUDWXUHGDWD WKXVREWDLQHG LV H[SRUWHG WRSORWWLQJ VRIWZDUH
7HF3ORW

)LJ)ORZFKDUWIRUQXPHULFDOPHWKRGRORJ\
5HVXOWVDQG'LVFXVVLRQ

7KH UHVXOWV WKXVREWDLQHGE\ VROYLQJ WKHKHDW WUDQVSRUWGLIIXVLRQHTXDWLRQZLWK'LULFKOHW FRQGLWLRQDUH
VKRZQLQ)LJ7RFKHFNWKHYDOLGLW\RIWKHSUHVHQWQXPHULFDOPHWKRGRORJ\WKHFRQVLGHUHGFRPSOH[JHRPHWULHV
DUHDOVRVROYHGXVLQJFRPPHUFLDO&)'FRGH$QV\V)OXHQW)LJSURYLGHVWKHLVRWKHUPVZKLFKJLYHDTXDOLWDWLYH
FRPSDULVRQRIUHVXOWV7KHOHIWVLGHRI)LJJLYHVWKHLVRWKHUPVREWDLQHGIURPWKHSUHVHQWVWXG\DQGULJKWVLGH
IURP$QV\V)OXHQW,QRUGHUWRIXUWKHUFKHFNWKHYDOLGLW\RIWKHSUHVHQWFRGHVWKHTXDQWLWDWLYHFRPSDULVRQRIWKH
UHVXOWVKDVEHHQFDUULHGRXWZLWK$QV\V)OXHQWE\SORWWLQJPLGSODQHWHPSHUDWXUHSURILOHDQGLVVKRZQLQ)LJ
)LJDVKRZVWKHWHPSHUDWXUHFRQWRXUVIRUDVTXDUHGRPDLQ'XHWRWKHPD[LPXPWHPSHUDWXUHDWWKHERWWRP
ZDOODQGPLQLPXPWHPSHUDWXUHDWWKHOHIWZDOOWKHWHPSHUDWXUHJUDGLHQWVDUHREVHUYHGWREHPRUHQHDUWKHERWWRP
DQGOHIWZDOOVZKHQFRPSDUHGWRUHVWRIWKHGRPDLQ)LJEVKRZVWKHWHPSHUDWXUHFRQWRXUVIRUDWUDSH]RLGDO
FURVV VHFWLRQ 7KH WKHUPDO WUDQVSRUW LQ VNHZHG GRPDLQ LV VLPXODWHG DQG LV SURYLGHG LQ )LJ  F )XUWKHU WR
DQDO\VH WKH WKHUPDO WUDQVSRUW LQ GRPDLQV ZLWK FXUYDWXUH LVRWKHUPV KDYH EHHQ SORWWHG IRU WKHVH FRPSOH[
JHRPHWULHVDQGSURYLGHGLQ)LJVGDQGH%DVHGRQ)LJLWPD\EHQRWHGWKDWWKHUHVXOWVREWDLQHGIURP
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WKHSUHVHQWVWXG\DUHLQJRRGDJUHHPHQWZLWK$QV\V)OXHQW)URP)LJVDQGLWPD\EHQRWHGWKDWWKHUHVXOWV
REWDLQHGIURPWKHSUHVHQWQXPHULFDOPHWKRGRORJ\DJUHHYHU\ZHOOZLWKFRPPHUFLDO&)'FRGH$QV\V)OXHQW

)LJ&RPSDULVRQRILVRWKHUPVZLWKFRPPHUFLDO&)'FRGH$QV\V)OXHQW
85 Narasimha Suri Tinnaluri and Jaya Krishna Devanuri /  Procedia Engineering  127 ( 2015 )  79 – 86 
D E
F G

H
)LJ&RPSDULVRQRIPLGSODQHWHPSHUDWXUHSURILOHZLWKFRPPHUFLDO&)'FRGH$QV\VIOXHQW
&RQFOXVLRQ
$QRYHODOJRULWKPZKLFKLVEDVHGRQQRQRUWKRJRQDOFROORFDWHGJULGKDVEHHQGHYHORSHGIRUWKHDQDO\VLV
RIWKHUPDOWUDQVSRUWLQFRPSOH[VROLGJHRPHWULHV$QXPHULFDOFRGHKDVEHHQGHYHORSHGWRUHDGWKHPHVKIURP
*DPELW7KHPHVKGDWDDUHWKHQOLQNHGZLWKDFROORFDWHGJULGEDVHG)LQLWHYROXPHFRGHIRUIXUWKHUDQDO\VLV7KH
JRYHUQLQJ HTXDWLRQV DUH ZULWWHQ LQ &DUWHVLDQ FRRUGLQDWH V\VWHP DQG DUH GLVFUHWL]HG LQ WKH SK\VLFDO GRPDLQ
5HVXOWVDUHSUHVHQWHGLQWHUPVRILVRWKHUPVDQGPLGSODQHWHPSHUDWXUHSURILOHIRUWKHFRQVLGHUHGJHRPHWULHV7KH
UHVXOWV WKXVREWDLQHGDUHULJRURXVO\YDOLGDWHGZLWKFRPPHUFLDO&)'FRGH$QV\V)OXHQW%DVHGRQ WKHVWXG\ LW
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PD\EHQRWHG WKDW WKHSUHVHQWQXPHULFDOPHWKRGRORJ\FDQEHDGRSWHG IRU WKHDQDO\VLVRI WKHUPRK\GUDXOLFV LQ
FRPSOH[GRPDLQV

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